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Attorney Docket No. 2207/121 1902 
DUAL REFERENCED MICROSTRIP 

[0001] This application is a continuation of U.S. Patent Application Serial No. 10/060,363, 

filed February 1, 2002, now United States Patent Number ^ and incorporated herein by 

reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates dual referenced microstrip structures for signal propagation in 
packages having semiconductor circuits. 

BACKGROUND 

[0003] As the speed of signals flowing between a packaged device and a printed circuit board 
to which it is coupled increases, the need to reduce signal discontinuities caused by changes in 
impedance between the package and the printed circuit board increases. Minimization of 
discontinuities allows for high bandwidth and high signal quality. Discontinuities include 
changes in impedance of a transmission line and/or signal reference of a transmission line over 
which a signal is traveling. 

[0004] To ensure proper operation between various chips on a printed circuit board, 
manufacturers specify the characteristic impedance of signal paths running on or within the 
printed circuit board. Manufacturers also provide a tolerance for the characteristic impedance of 
these traces. For example, the characteristic impedance of system bus trace may be specified as 
being 50 Ohms ±15%. 

[0005] Various design guidelines have been developed to maintain trace impedance within 
specified tolerance on the printed circuit board. These guidelines are, by their nature, restrictive. 
One such guideline is the "Intel ® Pentium ® 4 Processor in 478-pin Package and Intel ® 845 
Chipset Platform Design Guide," which may be found at the Intel ® Developer Web Site at 
http://developer.intel.com/design/chipsets/designex/29835401.pdf. The Intel ® guideline 
describes a four layer printed circuit board design that includes two external signal layers (one 
each on a primary and secondary side, respectively) and two internal planes. One of the intemal 
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planes is usually a power plane (e.g., VCC) and the other internal plane is usually a continuous 
ground plane (e.g., VSS). The four planes lie parallel to each other; each separated from the 
other by a layer of dielectric. The guideline requires that the processor side bus signals on the 
four-layer printed circuit board maintain ground {e.g., VSS) as a reference plane. See Section 
4. 1, Processor System Bus Design Guidelines. By this constraint, the guideline seeks to ensure a 
continuous return path for an electrical signal traveling on the system bus both within the 
package and the printed circuit board. The return path is the route current takes to return to its 
source, otherwise known as the image current. It may take a path through, for example, ground 
planes, power planes, other signals, integrated circuits, passive components such as resistors or 
capacitors, and/or vias. By requiring system bus signals to reference ground, the design 
guidehne avoids discontinuities in characteristic impedance of a trace by clearly specifying a 
known and continuous reference. 

[0006] A problem, however, is imposed on a printed circuit board layout when signal path 
routing is restricted to reference only the ground plane. This means, in a four layer printed 
circuit board, that the signal path layer can only be routed on one side of the printed circuit 
board, for example, the primary side, because, usually, only the primary side lies adjacent to the 
internal plane that has been designated as a ground plane. In that situation, signal paths cannot 
be placed on the secondary side because the secondary side's conductive layer lies adjacent to, 
and thus is referenced to, the internal plane that had been designated as the power plane layer. 
This constraint eliminates an entire conductive plane that could be used for signal path routing. 
Furthermore, this constraint on the layout of the printed circuit board results in escape and 
routing issues from a ball grid array ("BGA") component, or a pin grid array ("PGA") 
component, coupled to the printed circuit board within the BGA (or PGA) to printed circuit 
board interface area. These issues become increasingly significant as the density of 
microelecfronics on the printed circuit board increase, and as the speed of the signals on the 
printed circuit board increase. 

[0007] The difficulties imposed by typical guideline constraints, such as that mentioned above, 
have been addressed in the past by modifications to the printed circuit board. For example, in 
the four layer printed circuit board, rather than providing a unitary plane, the internal power 
plane layer may be populated by contiguous yet electrically isolated islands (frequently referred 
to as power plane flood areas); some of the islands may maintain their designation as the power 
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plane layer while the remainder of the islands may be re-designated as ground plane areas. 
Traces on the component attachment layer may then be routed above the ground plane islands 
and are thus referenced to the grovmd plane. This solution is disfavored as segmentation of the 
power plane leads to a host of other problems. For example, the creation of ground plane islands 
on the power plane will result in significant challenges to delivering power on the printed circuit 
board from voltage regulator modules to respective components due to trace congestion, 
especially on areas close to the components. 

[0008] Another modification may be to increase the number of layers in the printed circuit 
board, for example, from four to six layers. This is typically accomplished by designating the 
two outer layers as signal layers. Each outer signal layer references an adjacent internal ground 
plane, Additional internal power planes Ue adjacent to the internal ground planes; one outer 
layer and one power plane each sandwich one ground plane. The six planes lie parallel to each 
other and are separated from one another by dielectric layers. While this solution can produce a 
very robust design, a six-layer printed circuit board tends to be prohibitively expensive to such 
industries as, for example, the high volume cost sensitive personal computer industry. 

[0009] Other modifications to the printed circuit board may include applying finer printed 
circuit board design rules to provide for reduced diameter pads or reduced spacing between 
traces routed to the BGA or PGA. This has the effect of increasing the density of signal paths 
present on the signal path routing layer. Increased trace density, however, comes at the expense 
of increased cross-talk between traces. Another modification to the printed circuit board might 
be to increase the spacing between the lands that accept the BGA or PGA. This may provide for 
more traces to be interspersed between the BGA or PGA connectors, but it also requires a 
corresponding increase in package body size. While each of these modifications is applied to 
provide escape routing for all signal paths, they each result in increased overall system cost and 
complexity. Furthermore, they are all addressed toward changes in printed circuit board design 
and do not provide for improvements to package design. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The various features of the invention will best be appreciated by simultaneous reference 
to the description which follows and the accompanying drawings, wherein like numerals indicate 
like elements, and in which: 

[001 1] FIG. 1 illustrates a typical die/package/printed circuit board interface; 

[0012] FIG. 2 illustrates a dual referenced microstrip configuration, in accordance with an 
embodiment of the invention; 

[0013] FIG. 3 illustrates an arrangement for a dual referenced transmission line in the signal 
path routing layer in a microstrip package stackup, in accordance with the embodiment of the 
invention; 

[0014] FIG. 4A is a cross sectional view of plane 4-4 in FIG. 3 showing a first current flow in 
accordance with an embodiment of the invention; 

[0015] FIG. 4B is a cross sectional view of plane 4-4 in FIG. 3 showing a second current flow 
in accordance with an embodiment of the invention; 

[001 6] FIG. 5 is a flowchart presenting a method of designing a dual referenced microstrip 
transmission line in accordance with an embodiment of the invention; 

[0017] FIG. 6 is a representation of a stackup of layers as used in a computer simulated circuit 
in accordance with an embodiment of the invention; 

[001 8] FIG. 7 is a graphic representation of the results of a first simulation using the stackup of 
FIG. 6, in accordance with an embodiment of the invention; and 

[0019] FIG. 8 is a graphic representation of the results of a second simulation using the 
stackup of FIG. 6, in accordance with an embodiment of the invention. 



DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION 

[0020] An embodiment of the invention, as disclosed herein, provides a solution to enable all 
signal paths for escape routing from, for example, a package while allowing both power plane 
and ground plane referencing on the printed circuit board. The solution involves use of a dual 
referenced microstrip structure to act as the transmission line for signal traces within, for 
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example, the package. As used herein, a "trace" or "path" may be any transmission line carrying 
a signal such as a data, a clock, a control signal, among others. By controlling certain physical 
properties of the dual referenced microstrip structure, the difference between the characteristic 
impedance of the trace referenced to a primary reference plane and the same trace referenced to a 
secondary reference plane may be predicted and adjusted to fall within a predetermined 
acceptable range. 

[0021 ] Thus, dual referenced traces may be achieved in microstrip, which is an improvement 
over past dual referencing techniques, which used stripline structures. A stripline structure 
sandwiches a conductive trace between two reference planes. Dielectric layers separate the 
reference planes from the conductive trace. In contrast, a microstrip structure comprises a top 
surface trace and a single reference plane. A dielectric layer separates the trace from the 
reference plane. Microstrip is a preferable structure in many cases, at least because of the 
accessibility of the trace and the reduced cost of the package. Microstrip is also a preferable 
structure, in some situations, as it allows for achievement of a given characteristic impedance 
that would otherwise be unavailable in a stripline configuration ~ given the same set of 
manufacturing capability constraints. For example, in microstrip and stripline structures built on 
dielectric substrates having the same dielectric constant and overall thickness, a stripline trace for 
a given characteristic impedance is narrower than a microstrip trace having the same 
characteristic impedance and thus may be more difficult to manufacture or more expensive to 
manufacture. 

[0022] As used herein, a "package" refers to an electro-thermal-mechanical support structure 
for at least a semiconductor die. The package and the die together may be referred to as a 
"chip." FIG. 1 illustrates a typical die/package/printed circuit board interface. The die 100 may 
interface to the package 102 on a first side 104 of the package 102. The interface may be 
achieved, for example, by a plurality of solder bumps 106 in a die/package interface area. The 
die/package interface area is very congested; the solder bumps 106 may have a pitch of even 
smaller than 200 ^m. Signal paths (e.g., system bus traces or 10 traces) typically fan out from 
the congested die/package interface area to the balls of a BGA 108 (or lands in a PGA, not 
shown). The BGA 108 is typically on a second side 110 of the package 102, the second side 1 10 
being opposite to the first side 104. The balls of the BGA 108 may have a standard pitch, in 
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accordance with current technology, of about 1 or 1.27 mm. The BGA 108 may interface to a 

printed circuit board 112. The BGA/printed circuit board interface area is also an area of 
congestion. This area is known as the escape area, because traces must escape from this area to 
be routed throughout the printed circuit board 112; often to other chips, such as chip 114. 

[0023] FIG. 2 illustrates a "dual referenced microstrip" configuration 200 according to an 
embodiment of the present invention. A microstrip configuration 202 may be characterized by a 
signal path routing layer 204, supported by a first dielectric 206 adjacent to a primary reference 
layer 208. The signal path routing layer 204 is easily accessible. In a dual referenced microstrip 
configuration 200, a secondary reference layer 210 is positioned adjacent to the primary 
reference layer 208 and separated therefrom by a second dielectric layer 212. A problem with 
this configuration, however, has been that the characteristic impedance of the signal path routing 
layer 204, referenced to the primary reference layer 208 was generally believed to be different 
from the characteristic impedance of the signal path routing layer 204 referenced to the 
secondary reference layer 210; this difference was unpredictable and could vary according to 
manufacturing techniques, among other things. 

[0024] Thus, in the past, in applications where dual referenced signals were required in a 
particular design based on printed circuit board design requirements the known stripline 
configuration would have been chosen to be implemented in the package in order to provide the 
required dual referencing characteristics. However, the stripline structure itself is not a preferred 
structure. This is so because at least of the difficulty in making coimections to the stripline trace, 
which, unUke microstrip, is sandwiched between two reference planes and two dielectric layers 
as well as the difficulty in achieving certain characteristic impedances in a stripline design. 

[0025] The inventors of the invention herein have discovered a way to overcome the difficulty 
in predicting and controlling the difference in characteristic impedance of a trace in a dual 
referenced microstrip configuration. The inventors have discovered a way to mathematically 
characterize the difference in characteristic impedance of a ti-ace referenced to a primary plane 
versus a secondary plane. By doing so, they are able to adjust physical parameters of the 
package in order to reduce the difference to a level within the tolerance imposed on trace 
characteristic impedance. 
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[0026] FIG. 3 illustrates an example of a six-layer package stackup 300 including a dual 
referenced microstrip transmission line in the signal path routing layer 318 (similar to 204 FIG. 
2). The package stackup 300 includes: a bottom conductive plane 302, which may be used for 
example, for LGA/Routing; a first dielectric layer 304; a ground layer 306, which may be a VSS 
plane; a second dielectric layer 308, a power plane layer 310, which may be a VCC plane; a 
dielectric core 312; a secondary reference layer 314, which may be a power plane (e.g., VCC) 
layer; a third dielectric layer 316; a primary reference layer 322, which may be a ground plane 
(e.g., VSS) layer; a fourth dielectric layer 320, and a signal routing layer 318. 

[0027] A dual referenced microstrip transmission line, as shown in the embodiment of FIG. 3, 
can meet characteristic impedance tolerances by manipulation of physical parameters associated 
with the two planes to which the microstrip trace is referenced (i.e., primary reference layer 322 
and secondary reference layer 314). By the use of equations disclosed herein, the difference in 
impedance of a microstrip trace on the signal routing layer 318 referenced to the primary 
reference layer 322 as compared to the microstrip trace referenced to the secondary reference 
layer 314 can be calculated. By manipulation of physical parameters associated with the primary 
and secondary reference layers 322, 314, respectively, the difference in characteristic impedance 
can be reduced to a value that is within the overall tolerance imposed on the microstrip 
characteristic impedance. 

[0028] Physical parameters that can be manipulated include, but are not Umited to: the 
thickness of the dielectric layer separating the two reference planes; the relative dielectric 
constant of the dielectric separating the two reference planes; the surface area of the adjacent 
reference planes; the thickness of the conductive reference plane materials; the type of 

conductive reference plane materials; placement of discrete capacitors shunting the two reference 
planes; and the number of connections (e.g., number of balls in the BGA) which the package 
makes to the die and printed circuit board. 

[0029] The characteristic impedance, Zo, of a lossless transmission line may be approximated 
by the equation: 




, where L is the inductance between the reference plane and the trace per unit 



length and C is the capacitance between the reference plane and the trace per unit length. 
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[0030] FIGS. 4A and 4B are cross sectional views of plane 4-4 in FIG. 3. FIGS. 4A and 4B 
illustrate that components of impedance present in a dual referenced microstrip structure may be 
expressed as Zprimary, Zsecondary, and Zinter-plane, where: 



^PRIMARY = 1 ^P'"'^^^^ = the characteristic impedance between the signal path and the 

V ^PRIMARY 

primary reference plane; 



'^SECONDARY = | ^SECONDARY ^ chaTactcristic impedance between the signal path and 



'SECONDARY 



the secondary reference plane; and 



^INTER-PLANE = ^^^^ = the characteostic impedance between the primary and 

V ^NTER-PLANE 

secondary reference planes. 

[0031] FIG. 4 A illustrates a first return path 402 and a second return path 404 through which 
return current may flow if the signal path 318 is referenced to the primary reference layer 322. 
FIG. 4B illustrates a third return path 406 and a fourth return path 408 through which return 
current may flow if the signal path 318 is referenced to the secondary reference layer 314. 
In FIGS. 4A and 4B, the dielectric layers 316 and 320 have been omitted for clarity. 

[0032] As is known in the art, as two conductive planes, such as secondary reference layer 314 
and primary reference layer 322, approach each other, the capacitance between them rises to a 
large value and the inductance between them falls to a small value, as such Zinter-plane becomes 
neghgible and may be discounted. Further, because the capacitance between the signal path and 
the secondary reference plane is essentially zero, Zsecondary grows to a very large value and 
may be replaced by a computational estimate of infinity. 

[0033] With reference to FIG. 4A, the characteristic impedance of a dual referenced microstrip 
trace 3 1 8 referenced to the primary reference layer 322 may be given by: 

Zo = {Z SECONDARY + "Z- INTER-PLANE \z PRIMARY . which, if rcduccd in accordance with the 
approximations identified above results in: 

Zo - ZpRiMARY- 
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[0034] With reference to FIG. 4B, the characteristic impedance of a dual-referenced microstrip 
trace 318 referenced to the secondary reference layer 314 may be given by: 

^0 = PRIMARY + '^mrER-PLAm%^sEcomARY > which, if reduced in accordance with the 
approximations identified above results in; 

Zo = ZpRiMARY +ZiNTER-PLANE- 

[0035] Those of skill in the art will understand that other naming conventions for the primary 
and secondary layers may be adopted without changing the scope of the invention. Further, the 
primary or secondary reference layers may be designated as ground, power, or some other 
reference without changing the scope of the invention. Additionally, the primary and secondary 
layers may be interchanged in physical order fi-om that described in this exemplary embodiment. 
If the primary and secondary layers are interchanged in physical order from that described in this 
exemplary embodiment, then the equations above will be altered by interchanging the 
designators Zprimary and Zsecondary- Such changes to the equations above are within the skill 
of those of ordinary skill in the art. 

[0036] Thus, the difference in characteristic impedance of the dual referenced microstrip trace 
318 when referenced to the primary reference layer 322, as compared to the trace 318 when 
referenced to secondary reference layer 314 may simply be the characteristic impedance between 
the primary reference layer 322 and the secondary reference layer 314, i.e., Zinter-plane- 

[0037] Design guidelines will often specify target impedance values as well as tolerances on 
those values. For example, the Intel ® 845 Chipset Design Guide specifies target board 
characteristic impedance of 50 Ohms ±15% with a 7 mil nominal trace width. This illustration 
is merely exemplary; chipsets or circuits operating at other firequencies may have other 
tolerances defined for them. 

[0038] In one exemplary embodiment, by using primary and secondary reference layers in the 
configuration of FIG. 3, with spacing between the primary and secondary layers on the order of 
30 |im and a dielectric constant of 3.4, the inventors are able to maintain an impedance 
difference between the trace 318 referenced to the primary reference plane 322 and the trace 318 
referenced to the secondary reference plane 314 of less than 2.0 Ohms for a fi-equency range up 
to 1 GHz. This corresponds to a tolerance on a 50 Ohm impedance of less than ± 2.0%. 
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[0039] An embodiment of the invention disclosed herein allows for circuits to be redesigned 
from dual referenced stripline to dual referenced microstrip, a redesign which, in the past, would 
not have been considered because of the differences in characteristic impedance of signal paths 
as mentioned above. For example, the first generation Intel ® Pentium ® 4 processor processor 
side bus (PSB) uses a dual referenced stripline design on the CPU as well as its associated family 
of chipsets. Replacing the dual referenced stripline with dual referenced microstrip in this 
instance would allow for easier design layout by virtue of the microstrip trace topside 
accessibility as well as the fact that in current package manufacturing processes microstrip trace 
routes of desirable characteristic impedance are easier to manufacture and thus may be cheaper. 

[0040] Another example in which dual referenced microstrip could be used where previously it 
was thought not to have been feasible is in CMOS applications. In CMOS it is desirable to have 
the interconnects (traces) in a dual referenced configuration. In the past, this was done with 
stripline design. Now it will be possible, and is desirable and useful, to replace the dual 
referenced stripline with dual referenced microstrip. 

[004 1 ] Another improvement that can be realized through the redesign of existing circuits 
using dual referenced microstrip is the reduction in the number of layers of printed circuit 
boards. This reduction could be realized in printed circuit boards that could not enable all signal 
routing due to restrictions on signal path layers imposed by chip manufacturers or practical 
design considerations. Furthermore, new printed circuit boards can be designed with greater 
ease, and fewer layers, if reference plane restrictions are not imposed on their designs. 

[0042] One advantage of dual referenced microstrip package routing as compared to dual 
referenced stripline package routing is the benefit of dual referencing of a signal yet also 
embodying the advantages of microstrip routing. Advantages of microstrip routing may include 
ease of manufacturability of desired trace characteristic impedance, for example 50 ohms 
nominal transmission lines, with lower cost on a particular package manufacturing technology. 
Other advantages of microstrip routing may include accessibility of traces to physical probing or 
trace routing flexibility. In the past it was generally believed that the only way to get an 
effective dual referenced signal trace was to use a stripline design, the dual referenced microstrip 
routing technique provides an alternative dual referenced routing mechanism which may have 
advantages for various designs depending upon the application. 
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[0043] FIG. 5 is a flowchart presenting a method of designing a dual referenced microstrip 
transmission line. The method may start at step 500. At step 502, the impedance of the dual 
referenced transmission line 318 referenced to the primary reference plane 322 may be 
calculated. The characteristic impedance may be calculated according to the equation set forth 

above, specifically, Z^, = (Z secondary + ^ inter- pune}\Z primary . where Zqi represents the 
characteristic impedance of the transmission line referenced to the primary reference plane. At 
step 504, the characteristic impedance of the dual referenced transmission line 318 referenced to 
the secondary reference plane 314 is calculated. The characteristic impedance may be calculated 

according to the equation set forth above, specifically, Z^^ = (Zp^j^^^j^y + Zjj^g_pi^^E)\\Z secondary > 
where Z02 represents the characteristic impedance of the transmission line referenced to the 
secondary reference plane. Of course, other equations may be used to arrive at the characteristic 
impedances of Zqi and/or Zq2- At step 506, the absolute value of the difference between Zoi and 
Z02 may be calculated. At step 508, the calculated absolute value of the difference is compared 
to a predetermined threshold value; if the absolute value of the difference is greater than the 
predetermined threshold value, then, at step 510, at least one physical parameter associated with 
the impedance between the two reference planes may be adjusted. In accordance with one 
exemplary embodiment of the invention, the predetermined threshold value may be less than 2 
Ohms for frequencies less than 1 GHz. Physical parameters that may be adjusted include, but are 
not limited to the thickness of the dielectric layer separating the two reference planes; the relative 
dielectric constant of the dielectric separating the two reference planes; the surface area of the 
adjacent reference planes; the thickness of the conductive reference plane materials; the type of 
conductive reference plane materials; placement of discrete capacitors shunting the two reference 
planes; and the number of connections (e.g., number of balls in the BGA) which the package 
makes to the die and printed circuit board. After step 5 10, the method may return to step 502. If 
the absolute value of the difference between Zqi and Z02 is less than or equal to the 
predetermined threshold value, then the method may end at step 512. 

[0044] A method of fabricating a circuit board for a microelectronic package may be 
comprised of depositing a first conductive layer on a dielectric core; building up first dielectric 
layer on top of the first conductive layer, the first dielectric layer having a thickness of between 
20 to 50 microns; depositing a second conductive layer on top of the first dielectric layer; 
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building up a second dielectric layer on top of the second conductive layer; and depositing at 
least one conductive transmission line structure on top of the second dielectric layer, wherein the 
first and second conductive layers are used as reference planes for the transmission line structure 
and wherein the difference in impedance between the transmission line structure referenced to 
the first conductive layer and the transmission line structure referenced to the second conductive 
layer is proportional to the impedance between the first and second conductive layers. The 
impedances may, of course, be calculated in accordance with the equations described herein. 

[0045] FIG. 6 is representation of a stackup used in a computer simulation to illustrate the lack 
of signal distortion as seen by a first signal as the first signal propagates fi-om a source 602 (e.g., 
a die (not shown)), along 2 cm of 54iim wide first trace 3 18 in a package, through vias and BGA 
(not shown), and then along 4 cm of 5 mil wide first trace on a printed circuit board component 
attachment layer trace 612 until it finally reaches a sink 604 (e.g., a termination (not shown)). A 
second signal propagates firom a source 606 (e.g., a die (not shown)), along 2 cm of 54|im wide 
second trace 614 in the package, through vias and BGA (not shown), and then along 4 cm of 5 
mil wide second trace on a printed circuit board 10 trace routing layer 610 until it reaches a sink 
608 (e.g., a termination (not shown)). For the simulation, the relative dielectric constant ("Er") 
of the printed circuit board dielectric is 4, while the Er of the package dielectric is 3.4. The first 
signal is configured in a dual referenced microstrip configuration and thus referenced to both the 
primary reference layer 322 and the secondary reference layer 314 in the package, the first signal 
is referenced predominately to the primary reference layer 630 on the printed circuit board due to 
the very thick printed circuit board dielectric core 63 1 . The second signal is configured in a dual 
referenced microstrip configuration and thus referenced to both the primary reference layer 322 
and the secondary reference layer 314 in the package in the same manner as the first signal, the 
second signal is referenced predominately to the secondary reference layer 632 on the printed 
circuit board due to the very thick printed circuit board dielectric core 63 1. 

[0046] FIG. 7 is a graphic representation of the results of the simulation using the stackup 
representation of FIG. 6. For the simulation, a single square pulse of 1 .25 V amplitude, having 
rise and fall times of lOOps, a pulse width of 300ps, and a period of 1 ns was appUed to nodes 
602 and 606. The input pulses 702 and 706 are illustrated in FIG. 7. Each input pulse 702, 706 
exhibits a high hump due to the relatively lengthy via the signals traveled through to reach fi-om 
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one side of the package to the other. FIG. 7 also illustrates the shape of the signals at the sink 
nodes 604, 608 on the printed circuit board. As shown in FIG. 7, neither the first signal 704 nor 
the second signal 708 exhibits noticeable distortion. Distortion is not present and signal quality 
of both signals is similar although the first signal was referenced to only the primary reference 
plane 630 on the printed circuit board while the second signal was referenced to only the 
secondary reference plane 632 on the printed circuit board and both signals had the same 
reference configuration in the package. 

[0047] FIG. 8 is a graphic representation of the results of a simulation similar to that illustrated 
by FIGS. 6 and 7, except that the results of FIG. 8 were obtained using signals sourced at the 
printed circuit board and terminated on the package. As shown in FIG. 8, neither the first signal 
804 nor the second signal 808 exhibits noticeable distortion. Distortion is not present and signal 
quality of both signals is similar although the furst signal was referenced to only the primary 
reference plane 630 on the printed circuit board while the second signal was referenced to only 
the secondary reference plane 632 on the printed circuit board and both signals had the same 
reference configuration in the package. 

[0048] The disclosed embodiments are illustrative of the various ways in which the present 
invention may be practiced. Other embodiments can be implemented by those skilled in the art 
without departing fi"om the spirit and scope of the present invention. 
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